Abstract-The lack of standardized cut-off values for the surrogate methods to diagnose Insulin resistance (IR) and the fact that the sensitivity of these methods have been studied in specific populations have limited their use in clinical routine. We developed a system that could aide to diagnosis IR in elderly people, analyzing four surrogate methods of IR estimation using a k-means clustering algorithm. Study subjects included 119 nondiabetic participants over 65 year old from Ecuadorian highlands. Blood tests included a two-point oral glucose test tolerance. The k-means clustering algorithm, was applied in one-dimensional experiments for the Homa-IR, Quicki, Avignon and Matsuda. The population was divided into three clusters: CN with normal values, CIR with IR and CA with values in between. The number of individuals classified in each CIR was very different according to each method. With the cut-off values obtained, for each method, the system for the evaluation of IR in elderly people was developed. Our work is intended to aid physicians in the early detection of IR by using information from diverse methods.
I. INTRODUCTION
The proportion of elderly people in Ecuador and around the world has increased considerably. In Latin America it is expected that by 2030, 30% of the population will be composed of seniors aged 65 years and over. The Ecuadorian population has improved their life expectancy from 48.3 years in 1950−55 to 75.6 years in 2010−15 [1] . This allowed many Ecuadorians to reach older ages, but this increase in age is also accompanied by an increase in chronic diseases like diabetes that affects the quality of life [2] .
A prediabetic condition is Insulin Resistance (IR), which is the diminished biological response to the biological effects of this hormone [3] . IR is a condition that may favor the onset of diabetes and cardiovascular disease. Conversely, Insulin Sensitivity (IS) is defined as the ability of cells to react to the presence of glucose. Low IS is the reaction inactivity of pancreas cells in presence of insulin, which leads to uncontrolled increase in blood glucose levels (hyperglycemia), and also causes insulin overproduction known as hyperinsulinemia [4] .
The gold standard reference method for measuring IS is the euglycemic-hyperinsulinemic clamp, however, it is extremely invasive, complicated and expensive and therefore reserved for clinical research purposes. The most common practice to estimate IS is using indirect methods, which are divided into two types: i) those that consider only glucose and insulin data in the basal stage (fasting values), such as Homa-IR, and Quicki and ii) the methods using the glucose and insulin values during the Oral Glucose Tolerance Test (OGTT), among which are Matsuda and Avignon, these methods do not contemplate the process of glucose metabolism [5] .
Homa-IR is the standard method used routinely in clinical practice, although its performance is limited since patients with impaired carbohydrates metabolism may be diagnosed as false negative if the fasting values do not reflect the metabolic alterations. The greatest limitation of indirect methods to estimate IS is the absence or validation of cut-off points for the diagnosis of IR, since cut-off points have been determined in specific populations [6] , [7] .
The unsupervised classification with the clustering algorithm of k-means has been used in previous work, to classify 40 subjects with Metabolic Syndrome, Sportsmen and Sedentaries [8] , [9] , and more recently in a population of older adults in the Ecuadorian highlands [10] . In this work the k-means clustering algorithm, with K = 2, was applied in one-dimensional experiments for the Homa-IR, Quicki, Avignon, Matsuda and a multidimensional experiment using the four observations of the OGTT (fasting and postprandial values of glucose and insulin). The population was divided into two clusters: C N , with normal values and C IR with IR. Clinical cutoff points for Homa-IR and Quicki were validated. The number of individuals classified in each C IR was very different according to each method. Methods using fasting and postprandial values (Avignon and Matsuda) identify a larger population with IR and this group corresponds to the Elderly with a high abdominal circumference. The multidimensional method seems to provide less information than onedimensional methods that include postprandial values. The variety of clusters obtained according to the IR estimation method indicate that it is necessary to carefully analyze these results from the clinical point of view to establish strategies for early diagnosis of IR in the Elderly population of Cuenca.
This study was designed to investigate whether the kmeans clustering algorithm, could be applied to classify elderly people into groups that are associated with IR. We investigate if the clusters obtained are associated with IR prognosis that could lead to a better understanding of this mechanism in the elderly people.
The importance of early diagnosis of impaired glucose metabolism is based on the need to incorporate patients into prevention or treatment programs in the early stages of the disease. In order to keep elderly people with normal blood glucose levels and to avoid any possible complications. It is for this reason that the objective of this paper is to use the non-supervised k-means clustering algorithm to analyze four methods of estimation of IS and use its cut-off obtained points to develop a Diagnosis System Based on k-Means for IR assesment in eldery people.
II. METHODS

A. Insulin Resistence Methods
The methods used for the quantification of IS are used to establish approximately whether or not a subject has IR. In this work four methods are considered. Two that consider only fasting values (Homa-IR and Quicki) and two that consider glucose metabolism (Avignon and Matsuda). Equations (1) and (2) describe Homa-IR and Quicki methods respectively. These methods use only fasting plasma glucose G 0 and fasting insulin I 0 .
Homa-IR
In the same way, equations 3 and 4 define Avignon and Matsuda methods. These methods use fasting and postprandial values for glucose G 120 and insulin I 120 .
Matsuda m = 10000
Previous studies indicate the cut-off point for the Homa--IR method in 2.5 [6] . Another study carried out on 5518 subjects proposes as a cut-off point for the Quicki index, a value of 0.343 for men and of 0.331 for women with Metabolic syndrome [11] . For the Avignon and Matsuda methods there are not reference cut-off points. Table I presents the reference values for glucose and insulin at fasting and postprandial levels [4] . 
B. Database
The sample was taken from participants in the DIUC-PROMETEO project: Heart Rate Variability and Insulin Sensitivity in the elderly people of Cuenca, Ecuador [12] . Study subjects included 119 nondiabetic participants: 42 men (71.45±6.69 yr) and 77 women (71.87±6, 75 yr). All subjects were carefully interviewed to obtain a detailed social and family history. Weight, height and waist circumference (WC) were measured in subjects wearing light clothes only, and the body mass index (BMI), was calculated as weight divided by height squared (kg/m 2 ). All procedures were conducted in the morning after a 10 − h fast. Blood tests included a routine biochemistry and two-point OGTT. In the twopoint OGTT, a fasting blood sample is taken to measure glucose and basal insulin (G 0 , I 0 ), then the subject ingests 75 grams of glucose and after two hours a new blood sample is taken to measure glucose and insulin postprandial (G 120 , I 120 ). Baseline characteristics are shown in table II. 
C. K-means clustering
The k-means algorithm groups or predicts data with unsupervised learning. The user specifies the number of clusters k. Each cluster has an average vector (centroid). The Euclidean distance is used to find the cluster closest to the object. Clustering is done iteratively to allocate the object to the nearest cluster. The mean μC with nC number of objects in cluster C contains the mean values of its objects and is defined by the attribute i (equation 5). The iteration stays until the number of objects shifting clusters is lower the threshold specified [13] .
The purpose of the algorithm is to divide M observations (number of objects,) from N dimensions (attributes of an object) into K groups. The classification with the k-means algorithm divided the database of 119 subjects into K = 3 groups, which we will call C N , for the cluster with values within what is considered normal, C A for the cluster with boundary values between impaired and normal and C IR for the cluster susceptible to present IR characteristics, according to the cut-off points obtained for each method as indicated in the table I.
Four experiments were performed corresponding to each method (Homa-IR, Quicki, Avignon and Matsuda). Each method was applied to 119 observations, with dimension N = 1 and grouping K = 3. The Wilcoxon test was used to determine the difference between groups. A value of p < 0.01 was considered to indicate statistical significance.
D. Diagnosis System
Using cut-off values obtained in [10] for K = 2 and K = 3, an application was developed using Matlab.
III. RESULTS
A. Cut-off values
The numbers of subjets in each clusters and cut-off values are shown in table III. The characteristics of each cluster according to their fasting (G 0 , I 0 ) and postprandial (G 120 , I 120 ) values and waist circumference (WC) are presented in table IV. Figure 1 shows the cluster assignments and centroids for K = 3 for each method considered.
In the table IV the cut-off points obtained for each method are presented for K = 3, also the cut-off and population distribution with K = 2 are shown as reference [10] . Analyzing the clusters according to the average values of glucose (G 0 , G 120 ) and insulin (I 0 , I 120 ) from the table IV the following is observed:
Homa-IR
In this method, the average values of C N are within the normal ranges, for C A the average values of G 120 and I 120 are altered and in the group C IR , all values are altered, but this last cluster only groups 6 subjects. It is also observed that the values of WC and BMI are altered in the Cluster C A With respect to the classification with K = 2, it can be considered that the C A is closer to the subjects with IR than the normal subjects.
Quicki
The average values of C N and C A are within the normal ranges, although the values of C A are higher. The k-means allows to separate the population in three well differentiated clusters according to the high values of glucose and insulin using methods of IS estimation. The interesting thing is that for each method the number of individuals that could be diagnosed as insulin resistant or with IR is very different.
Although in all cases the group C A seems like a group risking to presents characteristics of suffering IR in the case of the Homa-IR method the distribution of the subjects in each group is quite different from the rest of the methods. In particular Homa-IR methods classifies the largest number (65.54%) of subjects in the group C N unlike the others methods where the number of individuals in this class does not exceed 16 %. Also in relation to K = 2, we see that the distribution remains practically the same, for C N there are 80 subjects and 78 with in K = 3 ; and there are only 6 subjects in the C IR (table III) .
For the other three methods C A cluster are composed of subjects who were classified as C N and C IR using K = 2 (Figure 1 [14] .
B. Diagnosis System
Taking the cut-off values for K = 2 and K = 3, the aide Diagnosis System for IR assesments was designed. In the Figure 2 the system is shown. At the left the user enters the patient data. On the right side, the patient, is classified according to the four methods. The IS values for each method are shown on the lower left side. The area of each defined cluster is marked in a color: red, blue and green for C IR , C A and C N respectively. The cut-off value with K = 2 is marked by the black dotted line.
In this example, the Diagnosis System shows the results for 80 years old male patient. It can be seen that the subject presents normal IS values for Homa-IR (IS = 2.47) but for the others three methods (Quicki, Avignon y Matsuda) this patient presents IR in the normal/risk regions, also he present G 0 altered. There is a ratio of 3 to 1 methods that specify RI and the value of G 0 is representative of pre-diabetes. So, in addition to numerical values it is necessary to incorporate the clinical analysis of each method (section III-A) to perform the diagnosis of IR. The Diagnosis System is under evaluation by our clinical team.
IV. CONCLUSION
The k-means method has allowed us to study four surrogate methods to estimate IS in an elderly population. With the cut-off values obtained, for each method, the system for the evaluation of IR in elderly people were developed. Our work is intended to aid physicians in the early detection of IR by using information from diverse methods. The developed system allows the physician to diagnose IR based on four methods. A system that appropriately classifies individuals with IR is paramount from the point of view of public health, IR increases the risk of suffering type 2 diabetes and its early identification could prevent and delay the appearance of irreversible pathological entities.
